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Field of the Invention 



m 

Electroluminescent D{evlce 

\ 



T 
I 



The present Invenflwi relates to an electnolumfnescent device and an electrolumJn^cant 
po[ymer therefor. ' 



Background 



One dass of opto-electricaf devices attractfnfl Incjreaslng attention Is that usfng a 
semfconducting organlg materiel for Oght emissfan (ajn electrolumineacent devTce) or as 
the active component of a photocell or photodelector {a "photovoHaic" device). The basic 
structure of these devices Is a semiconducting organic layer sandwiched Isetween a 
cathode for injecHng or accepting negaHv^ chacge carters (electrons) and an anode for 
InJecBng or acceptfng positive charge carriers (holes) into the organic leyer. 

In an organic light emitting device (OLEO), etectporjs and holes are injected Into the 
eemicanduetlnQ organic layer where they combine Ijo fleneratg wccltans that undergo 
radiative decey. Various classes of organic l^ht femitBng mateiials are known, In 
particular: polymers such as poly(p-phenylenevlnyrenfe) (as disclosed in WO 90/13148). 
polyfluorenes and poiyphenylene^ the dass of m4terlais known as small molecule 
materials such as trfs-(B-hydrDxyqulnollne)aluniinii|rn CAIcfe") as disclosed In US 
4,539,507; and the class of materials known as jdendrlmers as disclosed In WO 
99/21935. These materials electroluminesce by iadi4.tive decay of slngl^ exdlons (I.e. 
Huorescence) however spin statistics dictate that ijp to 75% of excltons are triplet 
excltons which undergo non-radiative decay, i.e, qua|^tum effidency may be as low as 
26% for fluorescent OLEDs - see, for fflcampie, Chem. Pftysi Lett, 1993. 210. 61, 
Nature (London). 2001, 409, 494, Syntti. Met, 2002, IgS, 55 end references therein. 



Accordingly, considerable effort has tseen dire<%ed ^nvards produdng luminescence 
from triple excitong (phosphorescence) by utilising 43in-oit>lt coupOng effects In metal 
complexes, that enable triplet excitare to undergo radteitlve decay. Examples of 
complexes investigated for this purpose Include lanth^ide metal chelates [AOv. Mater. 
1B99, 11. 1349J. a platinum (II) porphyrin [Neture (LoMan), 1998, 39S, 151] and Iridium 
trts(phenylpyridine) ]Appl. Phya. IML, 1S9&, 76. 4; AppK Phys. Left, 2000. 77, 9041. 
Fuller reviews of such complexes may be found In pL» Af^. Chem.. 1999, 71, 2095. 
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Materials Science & Engineering, R: Reports (2002) 
Materials Science and Engln^rfng (2000). 83, 202-2^3 




R39{5-6X 143-222 and Polymeric 



The emiaaive region of a phosphoreacent OLED te n\ ade by doping a host materia with 
the phosphorescent metal complex (fluorescent mel al complexes may be doped In a 
host in an analogous manner as described in J. ]\ppl. Phys. 6S, 3610, 1989). In 
operation, ^nglet and triplet exdtons formed by recoi nbinatlon of holes and electrbne In 
the host are transferred to the metal complex ard then undergo radiative decay. 
EfRclent dmces operating by this mechanism require the triplet energy of th^ host to be 
higher than that of the phosphorescent dopant (see A )pl. Phys. Lett 82(7)» 1006, 2003). 
The host may also (or altemafively) transport holes \ and / or electrons to the metal 
complex with recombination oo::uring In the metal ccmplox rather than in the host In 
this instance, it is. necessary for the host to possess he HOMO level that lies between 
the woi^iiincOon of the anode and the HOMO level if the metal complex (for efflctent 
hole bansport) or Ibrthe LUMO level of the host to n » between the workfunctfon of the 
cathode and the LUMO level of metal complex (for effii dent electron ir^ection}. 



~C(i^u!y, chooang .en appropriate host material for a gl/en phosphorescent OLED Is vital 
in ma^dmlsing device performance and will depend .pn a number of factons including 
wcrkfunction of the electrodes (in particular the catijode} and the triplet, HOMO and 
LUMO levels of the metal complex. 

Numerous Irosts are described in the prior art indudir g "small mofecule" hosts such as 
4,4'-bls(carbazol-&-yl)blphBnyl), Icnown as CBR and (4,#.4"-tris(oarbazol-9- 
yl)triphenylamine), known as TCTA, disclosed in Ikai k al. (^pp/. Phys. Lett., 79 no. 2, 
156); and triarylamines such as tris»4-(N-3-m^hyiphenyl-N-phenyl)phenylamin6, 
known as MTDATA. Hcmopolymers ana al$o known as hosts, in particular poly(vinyl 
carbazole) disclosed in. for e;^mp/e, AppL Phys- Lett 2000. 77(15), 22a0; polyfluorenes 
In Syritii. Met. 2001. 116, 37B. Phys. Rev. B 20O1, 13, 235206 and Appl. Phys. l-ett 
2003, 82(7), 1008; poly[4-(N-4-vinylbenzyfoxyethy , N-rnethyiamtno>-N-(2,5-di-tert- 
butylphenylnapthaiimide] in Adv. Mater. 1990, 11(4), 2B5i and poiy(para-ph8nyienes) in 
J. Maier. Chem. 2003, 13, 50-65. 



In addition to the above homopolymer hosts, a copolyiher 
Phys. (2003). 118(6). 2853*-2864 which discloses pqly[9 



host Is dtsdoaed in J. Chem, 
,9'-dl-n-hexy^-2,7-fluo^ene-aIt- 
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1,4-(2,5-dI-n-'haxylaxy)phenyteneI as a host for both 
and 2.3.7.8.12,13, 17,ia<)ctaethy|.21H,23H-porphyrin plaflnuiYi(ll). For both coinplexBs. 
poor performance was observed, Mat. Symp. Spring Meeting 2003 Book of 
Abstracts, Heegar, p. 214 discloses red emlss/on from an Iridium compf$x using a 
random copolymer host of dloctyKIiJorBne and c 
copolynner of a fluorene repeat unit and phenylena 1 
Soc. Symp. Proc 708, 2002. 131. No significance is kached to the f^d that thfs host is 
a copolymer: in fact this dJsdosure states that this cc polymer host prrjduced no sfnglet- 
singlet pr trtplrt-triplet energy transfer when used w Ih the Iridium and platinum metal 
comply. ^ 



Polymeric hosts are typically solution procesrable 



materials which is a signiflcdnt 



advantage because it allows the material to be dep dslted by insixpanslve. techniques 
such as spin-coatfng or dip-coating. It also allows Ink 
particuiariy useful fn manufacture of full colour displayii 



Where the host Is a '•jsmaJI moIecule^ it l$ typically ceposited by evaporation. Use of 



small mprecuies aiiovvs a plurality of small . molecule 
each dther. Therefwe, phosphorescent Ol£Ds dabbed 
employ a hole transporting layer and electron tranapo Ung 
phosphorescent metal complex layer (see, for example 



et printing of the material which Is 



In contrast, formation of multiple polymeria layers Is 
Intermixing between layers when a polymeric materiai 
layer previously deposited from solution.. 



layers to be deposited on top of 
in the prior art commonly 
layer In adcBtion to the host / 
, J. AppK Phys. 75(1), 4, 1999). 



complicated by the pos^tdlity of 
is deposited from solution onto a 



One solution of providing hole transporting and / or el »ctron transporting functionality In 
a polymer device over and above that provided by the lost material is to blend materials 
having the neces^ry functionality with the host Howe ver, it Is desirable to minimise the 
number of components fn a blend to avoid potential dfficulties with phase separation of 
the blend. 



Anothei- cfifRcuity with using conjugated polymers, such 



that conjugation between repeat units will reduce ihe HOMO-LUIWO banc^ap and 



as homopoiyfluorsne, as hosts is 



reduce the energy level of the triplet exdted state (a 



monomer). The HOMO-LUMO bandgap of the host m« tarial must be greater than that of 



s compared to the unconjugated 



cc- 



t 
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the emissive metal complex, in addition the tripfet 




energy level of the host must be 



higher than (or at least comparable with) the triplet i sneigy level of the emissive m^I 
complex. Although this might not be pmblemeiiG for smaller bandgap oomplexies such 
as red emitting comple?^, it does present difRcultic s for those metaJ compiexi&s with 
wider bandgaps and htgher triplet energies such as gr lan and blue emitters. 

it Is therefore an object of the invention to provide a p< lymeric host for a phosphorescent 
OUED that Is suitable for a wide range of metal com( lexes, it la a -further object of the 
Invention to provl<te a polymeric host that posses^ good hole and / or electron 
transporting funcBonaiity. 

Summary of the Invention . 

The present inventors have surprisingly found ttat polymers comprising certain 
triaryiamlne repeat units are particularly efficacious as hosts for phosphorescent metal 
complexes and that this efficacity may be optimised by appropriate selei^on of co- 
repeat unite for the triarylamine repeat units. 



Accordingly, In a firct aspect the invention 
comprising: 



provide >d an electroluminescent device 



r a first electrode for Injection of positive charge t arriens; 

- a second electrcxle for injec^on of negative cha ^ge carriers; and 



an electrolununescent layer located between 
comprising a host material and a metal compie? 



wherein the host material comprises a polymer having 

Ar 



the first and second electrodes 



3 first nepeat unit of formula (I): 



(0 



4 
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wheraln each Ar Is the same or different and 
substituted an^ or heteroaryl and any two Ar gj 
bond. 



Jndej lertdently 



P^resdnte an optionally 
may be directly linJ<ed by a singfe 



"Metal complex-, as used herein means a metal Jcomplax that, when used in an 
electmfumlnescent device with a host material. Is cap ible of accepting excitons from the 
host material and emitting fight by radiative decay o[ the exdtpn. The melaf complex 
may be capable of fluorescence and / or phosphorest »nce when used with a host tn an 
eleclnolumlnescent device. Preferably. substanHally ^ il emission derived from the metal 
complex is phosphorescence. 

The host material may be a homopolymer or a copoljmen Preferably, the polymer Is a 
co-polymer comprisli^ a second repeat unit 

Conjugatton of repeat units reduces Itie triplat energy level of the conjugatBd units as 
compared- to the triplet eneigy of non-conjugated unRs. ■merefore. in one smbodimont 
the second repeat unit is at least partially non-canjuo< ited fn order to provide a break In 
JiOnjugallon-along- the-polyraer-bacKbene-and- therebj '-reduce-or-prevent modui€rtlon <rf 
the flret repeat urtfa energy teveia tiy conjugation, i-hls Is particulariy prefened when 
the repeat unit of fomiula <l) possesses the deslnsd sneigy level for us© with a given 
metal complej?, and / or when the metal.complKC has ^ high triplet energy level (such as 
green or tilue ]:riiosphores<tent materials}. 

Preferred repeat units providing a iirsak In conjugatioji include repeat units of fbmiulae 
(il) and (III): 



-(CR'RVAr^- 
(III) 



wherein and R* are independently selected from hy dre^en or a subslKuenI; n Is 1mm 
1-10; and Ar' and Ar* are independenlly selected It om optionally substituted aryl or 
heteroaryJ. Preferably, each R* and R« is Independently selected from hydrogen or C,. 
alKyl; n Is 1 or 2; and each Ar^ and Ai* Is phenyl. 

In a second embodiment, the second repeat unit Is con. ugated along its backbone and Is 
confugaled drrecUy to Ar- of the first repeat unit. Appropriate selectfon of the second 



6 
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repe^ unit may therafoie be us^ to moctulate the I ^ndgap of tfie potymer in order to 
match ft to the required triplet, HOMO or LUMO level of the metal complex. The second 
repeat unit may be planar to allow full conjugation ale ng the polymer backbone or it may 
Incofporgte a twist (n order to limit conjugation along the polymer badcbone without fully 
broking conjugation along the backbone as per the first embodlm^t. Given ttiat the 
triplet energy of the polyrner host must be higher thaw that of the phosphorescent metal 
complex^ this embodiment more suited to oompt^ s with lower triplet energy levels, in 

» 

particular red phoephorescent materials, when repeat units are fully coryugated- 



Prefenred as fully conjugated repeat m\\^ are 



splrofluorene, indenofluorene, phenylene and oligo-ph ^nylerie repeat units 



optionally substituted fluorene, 



Tlie co^poiymer according to the first or second emlfodlment of the first aspect of the 
Invention is preferably an AB ro-polymer. 



The first repeat may have no bond directly llnklrug two 
repeat unit of fonmula (I) is preferably seiectsd from 



}f the Ar groups. In this case, ttie 
red)eat uitits of formulae 1-6: 



e 
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-fOr-O) 




X 
1 



-K>rO} 







wheiBin X, Y, A, B, C and D are independently selectei) 
More preferably, one or more of X, Y, A, B. C ©nd D Is 
group oon^isting of optionally substituted, branch^ or 
thioalkyi, <^no, alkoxy, heteroaryl, alkylaryf and aryfaH^yl 
A and B are Ct.io alky I- The repeat unit of -formula 1 Is 



Alternatively, the repeat unit of formula (I) may have a ^Ingie bond between two Ar 
groups. In thi$ gas©, repeat units of formula {IV) are preferred: 






from H or a eubstltuent group, 
ndependently selected from the 
rnear alkyi, aryl, perfluoroalkyi, 

groups. Most preferably. X, Y, 
Host preferred. 
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wherein R is hydrogen or a sutetituent and one of x and y Is present as a single bond. 

Where bond x is present, a particularty preferred unit ip an optfonelly substituted repeat 
unit of formula 0<^}- 



Where Bond y is present, a particularly, prefferred rep 

m 

repeat unit of formula (lib): 




t unit is an optionally substitutad 




(IVb) 




v\^rein ^li Ai^ represents an optionally GubsUtut^ 
wiierein the two Ar' groups may be fused togettier. In 
Ar^ in unite IVa and IVb is phen^, In whi* casa each 
In another prafamad embodiment, the two Ar^ groups 
United fluorene uniL 



aryi or heteroaryl group and 
one preferred embodiment, a$di 
phenyl is a 1 ,4-llnlced phenylene. 
are fused together to form a 2,7- 



in one preferred embodiment, the polymer and metal 



\ simplex may be combined tn the 



fomi of a physical blend. In another preferred em aodiment, the metal complex Is 




8 



^^/08/2083 14:39 



+44-0-1223-723531 



CDT LTD 



PfiiQE 12 




ohemfcaUy bound to the polymer as a substituent a 
(Le. polymer backbone) or Incorporated Into the 



tached to the polymer main chain 
polynjer main chafn. 



Preferably, the metal compisK (s provide^ as a 
end-group of the polymfir. 



repei it unit within the polymer or as an 



In a second aspect, the Invention provides a ooitipo allon comprising a metal complex 
and a polymer as described in the first aspect of the in i^ntion. 

In a third aspect, the Invention provides an eiectreli iminescent polymer comprfaing a 
repeat unit of fomiula (I) and a metal compla?i: bouna to the polymer as a substituent 
attached to the polymer main chain or Incorporated Inb > the pdymer main chain: 

Ar 



(0 

■ 

wherein each at is the same or different and I 
fiut>3tituted aryl or heteroaryl and any two Ar groups 
bond. 



indepandently represents ah optionally 
may be direcUy linted by a single 



The electroluminescent polymer may be a . homopplyiner with a metal complex bound 
directly to at least one of the repeat units of fonnufa (I). AHematively, the 
eleclrolLimme$cent pplymer may be. a copolymer in which case the metal complex may 
(d) form a co-repeat unit wtthin the polymer t>ackbDn ^ or (b) be directly bound to the 
repeat unit of fonmula (l). 

In view of the aibremenfioned advantages of comblnins the repeat unit of formula (I) and 
9 metal comply it Is prefen-ed that the metal complex is bound to the repeat unit of 
fonnuia (1). Mom preferably^ the metal complex is pi^ent as part of a repeat unit of 
formula (Xll): 

Ar 



6 
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(XII) 

wheitin M IS a metal; each of L\ and \} Is a coordinating 
s ara each Independently 0 or an integer; and the sui n 
the number of coordination sites avaifai^le on M, whe lein 
sites on L\ b is the number of coordination site^ 
coordination dtes on L^. 

Prei^rat^, the matai complex is phosphorescsnt 

* 

In a filth aspect, tha invention provides monomer of fcjrmuia (XI li): 



group; q is an Integer; r and 
Of (a. q) H- (b. r) ^ (as) is equal to 
a i9 the number of coordination 
? on and c Is the number of 



(Xill) 

wherein each Ar is the same or different and indeF endently represents an optionally 

a 

substituted aryi or heteroaryl; any two Ar groups may be directly linlced by a single bond; 
IM is a metal; each of L\ and is a coordinating jroup; q is an integer r and s are 
each independently 0 or an integer, the sum of (a, iq) (b. r) + (o.s) Is equal to the 
.number of coordination sites available on M, whereii i a is the number of coordination 
sites on L\ b is the number of coordination sites 
coordination sites on L^; and each P is the same o 



on and c is the number df 
' different and is a polymarisable 



0roup. 



Preferably, the metal compiax uV^Ji^^ is bound to tjie pendant aryl of the triarylamine 
through a bond with one or more of l\ and L*. 

Prefefabiyi each P is independently selected from bonbnic add, t)oronlc eater, borane or 
halogen. 
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Brief Descrliition of the Drawings 

The present Invention vrfll now be described in Jurths 
with referenoe to the accompanying drawing In which 



nGURE 1 shows an o/ganfo electroluminescent devlj» according to the invention 
Detanled Description of the Invention 



With reference to Figure 1, the standard arohitectuje of an electrolumlnegcent device 
according to the invention comprises a traneparent gkiss or plastic substrate 1 , an anode 
of Indium tin oxide 2 and a cathode 4. The electroluminescent layer according to the 
invention is layer 3 between anode 2 and cathode 4. 



■ detail, by way of e^cample only. 



In addition to layer 3, a separate hole transpbtt'ng 
layer be provided. 



lay 3r and / or an eiectron transporting 



Although not essential, a (ayer of organic hole Injeclioi n^terial {not shown) between the 
jrafide_2_SDlJie_pflfymeiJayer_aJajdesitabIe-^^ 

anode Into the layer or layers of semiconducting pt lymer. Examples of organic hda 
Ii^ectlon materials include pQly(ethylene diojQftmophe ie) (PEDT / PSS) as disdosed fril: 
EP 0$Q1 176 and EP 0947123, or polyarjiline as d^dosad in US $723873 and US ? 
6798170. 



Cathode 4 Is selected from materials that have a i voricfunction allowing Injection of 
electrons into the eiecboluminescent layer. Other factors infhjence the selection of the 
cathode aut*i as the posaibiil^ of adverse interactio is between the cathode and the 
electroluminescent material. The cathode msy consist of a single material such as a 
layer of aluminium. AJtemafively, It may comprise a jluraii^ of metals» for example a 
bilayer of calcium and aluminium as disclosed In WO 98/10621, elemental barium 
disclosed in WO 68/57381. Appi. Phys. Lett. 2002, 8 1(4), 834 and WO 02/84759 or a 
thin layer of dielectric material to assist electron lnje<itlon, for example lithium fluoride 
disclosed In WQ 00/48268 or barium fluoride, disclose 1 in Appi. Phys. Lett 2001, 78(5), 
2001. 

A typical electroluminescent device comprises an an<ide having a woridunction of 4.8 
eV. Accordingly, the HOMO level of the hole transporting region is preferably around 
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4.B-6.5 e V. Similarly, the cathode of a typical ctevice have a workfunction of around 3 
eV. Aocordlngly, the LUMO level of the electron tran sporting region Is. preferabty around 
3-3.5 eV. 



Electroluminescent devices may be monochiome 
formed from red, green and blue electraluminescent 

1) Electroluminescent bver 3 



ievicee or full colour devices (i.e. 
nateriala). 



Electroluminescent layer 3 may comprise the host po ymer and metal complex according 
to the invenHon alone or one or more additional miiterlals. In particular, layer 3 may 
comprise the host polymer and metal complex acco ding to the invention blended with 
one ore more of a tiole transporting polymer and a i electron transporOng polymer as 
disclosed in WO 99/48160. 



2^ Host polymer 

The host polymer may be a homopolymer or a copol; ^mer. Where It Is a copolymer, the 
flrsl~aBTd"sec5hllT^^ copolymer may ce arranged to give any TomrTof co- 

polymer such as an AB, random or blodc co-polym ar. The ro-polymer may comprise 
further repeat units In addition to the first and second repeat units. For example, a third 
repeat unit may be provW^J with the first and seco \d repeat units to fomi a block or 
random co*polymer. 

The GQ-poiymer may comprise hole transporting 
regions as disclosed In, for example, WO 00/55927 knd US 6353083. For example, a 
region comprising units of fbmiula (i) wl(| typically pro /Ide hole transporting functionality. 
Similar^, an election transporting region may comprli ^ a chain of polyfluorene units, or 
repeat iinlts of electron deficient heterocydes as disc loaed In, for example, Polym. Adv. 
TechnoU 1998, 9, 429-42 and J. Mater. Cham. 2O0, 10, 1-25. The different regions 
within such a polymer may be provided along th<j polymer badcbone, as per US 
63530833 or as groups pendent from the polymer bad bone as per WO 01/62869, 

The metal complex may be Incorporated into the host polymer, either aa a substttuent on 
the main chain of the homopolymw or incorporated Into the main chain of the copolymer, 
as disclosed In, for example, EP 1245659, WO 0 2/31896, WO 03/18853 and WO 
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03/22808. In this caBS, the copolymer may provi'ti e the funcBons of emission and at 
least one of hole tran$port and electron tnsinsport 

Preferred methods for preparaUon of these poiynrers are Suzuki polymerisation as 
descrltsed in, for example, WO 00/53S56 and Yaman loto polymerisation as desc^bed In, 
for eeample, T. Yamamofo, TEraotricalfy Conducting And Thermally Stable n ^ 
Conjugated Po]y(arylene}a Prepared by Organoi r>atattic Processes", Progress in 
Polymer Science 1993, 17, 1153-1205, These polyrnerfsatlon techniques both operate 
via a ''metal insertion" wherein the metal atom of a metal cximplex catalyst Is inserts 
between an aiyl group and a leaving group of a monomer. In the caaa of Yamamoto 
polymerisation, a nickel complex catalyst hs used; In tt a case of SuzuM polymerfsattoOj a 
palladium complex catalyst is used. 

F=^or example, in the syntheste of a linear polymer by Yamamoto polymerisation, a 
monomer having two reacfiva halogen groups is ui led. Simllariy, according to the 
method of Suzuki polymerisation, at least one reaotivi > group i$ a bonon derivative group^ 
such a3 a boronte acid or boronic ester and the olh^r reactive group is a halo^- . 



'Preferred hal^ens are chlorine, bromine and Iodine, r lost prefierably bromine. 



It wfll therefore be appreciated that rapeat units and end.grpMps comprising aryj groups* 
ae illustrated throughout this application may be deih/ed from a monomer carrying a 
suitable leaving group. 

Suzuki polymerisation may be used to prepare i Bgioregular, block and random 
copolymers. In particular, homopolymera or random c opolymera may lae pr^ared when 
one rsacBv© group Is a halogen and the other reacfivejgrpup la a boron derivaMye group. 
Alternatively, block or r^toregular, In particular AB. ccipciymens may be prepared when 
both reacSve gs^oups of a first monomer are boron and 
monomer are halogen. 



Other leaving grxjups capable of participating in metal inseition Include groups au<*i as 
tosylate, mesytata and trtflate. 

aV iWletal comolgx 

Preferred metal complexes comprise optionally sut)stitL ted complexes oTfbnnula (V): 



k>oth reactive groups of a second 
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wherein M is a metal; each of L\ and is a coord Inating group; q is an integer; r and 
8 are ^ich independently 0 or an Integar, and the sur i of (a. q) (b. r) <»* (c,s) Is equal to 
the number of coordination sites avaUable on M, whei ein a is the number of coordination 
sites on b is the number of coordination $!te«» on and c is the number of 
(^ordination sites on 



Heavy elements M Induce strong spin-orbit coupling to eliow rapid intensyetem cussing 
and eml^on from triplet s^tes (phosphorescence). {Suitable heavy metals u include: 



ianthanlde metals such as cerium, samariurv 
thulium, eibium and neodymium; and 



d-block met^iSp in particular those in rows 2 
to 80, in particular ruthenium, rhodBurn* 

-platinum; : 



aihd 3 i.e. elements 39 to 48 and 72 
paliald jm, rhenium, osmium, iridlumi and 



. europium, terbium, dysprosium, 



Suitable coordinating groups for the f-block metals ndude oxjgen or rittrogen donor 
systems such as carboxylic acids, 1 ,3-dilcBtonfi tea, hydroxy carbaxyUc acids, 
Schlff bases induding acyi phenols and iminoacyl e roups. As is knovwi, luminescent 
Ianthanlde metal complexes require sensitizing grouf (s) which have the triplet excited 
energy level higher than the first excited state of the 
transition of the metal and so the emission colour is 
motel. The sharp emission is generally narrow, resultir g in a pure colour emission useful 
for display applications. 



metal ion. Emtesion Is from an f^" 
determined by the choice of the 



The d-block metats form organometalDc comple?»s Wijh carbon or nitrogen donors such 
as porphyrin or bidentate llgands of formula (Vi)r 
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id ara indapendenfly , 

opuonayy substKuted ^ryi or hetsrouryi: and may the ^ame or dHferBnt and ar^ 
independently eeJected from carton or nitrogen; and] 
Uganda wherein carbon arid is nitrogen are 

Examples of bidentate ligands are Slustreted below: 








bstttuenls. ParUcularty preferred 



Each oT Ar^ and Ar® may carry one or more $u 

eubstttuents include fluorine or trffluoromethyl which may be used to blue-shift the 

« 

emiesfon of the complex as cflsclqsed In WO 02/45465, WO Q2M4189. US 2002-1 17662 
-and'lJS-2002«ia244i raii<yl oralkpxy group&~j^^^ marmiSP ZaS£=32^9; 
which may be used to assist hol$ transport to the cc mplex when ueed ae an emlMiv^^ 
material as disclosed In WO 02/31448; brom&ie, dilorlne or iodine which can serve ta. 
lUncflonalise the llgand for attachment of further gro jps as disdosed In WO 02/68435. . 
and EP 1245659; and dendrpns which may be ussd to obtain or enliance solution 
processability of the metai complex as disdosed in W< > 02/66552. 



Ai^ and Ar^ may be fused together. 




Other ligiends suitatile for use with d-lsiock elements 
acetyiacetonate (acac); triarylpiiosphines and pyiidine. 
sulsstituted. 



include diketonates, in particular 
each of which may be 



Main group metal complexes show Itgand based, or ci arge transfer emission. For these 
complexes, the emission colour is detemilned by th ? choice of llgand as well as the 
metai. A wide range of fluorescent low molecular wolght metal complexes are l«nown 
and have i?een demonstrated In organic light emlttir g devices [see, e. g.. Macromcl, 
Sym. 125 (1897) 1-48, US-A 5,130,006, US-A 6,053.634 and US^ 5.432,0141, in 
particuiar tris-(8-hydroxyquinollne)aluminlum. Suitable Hgands for di or trtvatent metals 
fndude: oxlnolds, e. g. with oxygen-nitrogen or E»Q^gen-oxygen donating atoms, 
generally a rtng nitnagen atom with a subsHtuent oxyg sn atom, or a substftuent nitrogen 
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atom or oxygen atom with a substftuent oxygen atdm such as a-hycfroxyqulnolate and 
hydroxyquinDxarma|«104iydroxybenzo (h) quinollns 
azoindoieSi chromona derivatives, a-hydroxynavorja, and carbos^ic adds auch as 
saffcyiato amino carboxylaiBs and estar carboxylalaa. Optional substttuents include 
halogen, alkyi, alKoxy, haloalkyi, cyano, amino, nmldo, sulfbnyt, carbottyl, aryl or 
heteroaryf on the {hetero) aromatfo rings whldi may ri lodify the emission colour. 

As outlined atsove. the metal complex may be blende 1 with the host polymer or it may be 
diemically bound to the polynrier as a sidechain or e s a repeat unit within the polym^. 
An example of a metal complex bound to the repeat upt of formula (i) is as follows: 




This amar^emmt la particularly advantageous beoei se the pendant aryl group of the 
triarylamlne unit (phenyl in the above iUusbation) an< I the llgand of the metal complex 
that the pendant aryl Is bound to (phenylpyridine In Vrn ^ above Illustration) are Co-planar, 
thus maxlmisfng conjugation between the metal cc mplex and the repeat unit In 
contrast, metal complexes bound to an aryleno repeat unit of the pdymer backbone (for 
«»cample, as disdosad In WO 03/22908) are not co-pia lar with the arylene repeat unit 



A monomer with a pendant metal complex, which 
corresponding repeat untt, may be fomned as follows: 



Hgl-LG-t^-MtVll-^^* 




may be polymerised to form a 



p€i(tl), Toluene, base 
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wherein Hal represents a hafogen and UQ represent an aryl or heteroary] linking grpup« 
in parficuiar 1.4-phenyiene. 

The metdl complex may alternatively form a repeat tirdt within the polymer backbone. In 
thfs case, one suitable class of monom^ for proqucing suc^ repeat units are those 
having formula (Vil): 



(VII) 



contarn two lrgand$ L^^ and metal M 



Repeat unHa dertved liom monomers of formula (Vil) 

in the polymer baclcbone. An example of such a morjomer is as follows* as disclosed in 
WO 02/068435: 




It will l>e appreciated that, for monomers of formula (Vlil), q is at least 2 



Uie repeat unit of formula (I) may 



4^ Copolymer second repeat Unit 
The $econd repeat unit of the co-pofymer comprising 

be selected from a wide range of rep^t unite accGrcfif(g to the required pKjperties of the 
end polymer, in particular &$, follows: 

al Coniuaated. substantiallv planar s ecopd raoeat units 



One dass of second nepeat units are arylene repeat inlts. In particular. 1 ,4-phenylene 
repeat units as disclosed in J. AppL Phys. 1896, 73. 934; fluorene repeat units as 
disclosed In EP 0842208, indenofluorene repeat unfta a$ disclosed In, for example, 
IWacromolecuJes 2000, 33(6), 2016-2020 and splrofluo ene repeat units as dtectosad in, 
for example EP 0707020. Each of these repeat 
Examples of $ubsfituents include solubilising groups 



units is optionally sut^sQtuted. 
such as alkyi or alkoxy; 
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electron vinthdrauring groups such as fluorine, nifo or cyano; and $ubstituents for 
increasing glass transition temperature (Tg) of the po ymer. 




Ruorene repeat units are planar and so ana 
the poiymer backbone is desirable. Particularly 
linked fluorenas. most prefen^y repeat units of 



prei^ rred 



paitlcul^ly useful where conjugation along 

are optionally substituted, 2,7- 
formilla VIII: 




Wherein and are independently selected *om hydrogen or optionally substituted 
alkyl, alkoxy, aryl» arylail^» heteroaryl and heteroaryli Ikyl, and at least on© of R'' and R* 
te not hydrogen. More preferably, at least one of F } and comprises an optionally 
substituted C4-C2sa alkyi or aryl group. 

Polymere of the Invention containing repeat units of th is type are advantageous as hosts 
for relatively small bandgap-emlttersrsuch-esTed emltters 

Coniuoated- non-olanar second repeat units 

Non-planar repeat units include units containing a twist caused by sterlc InteracUon 
between a substltuent of the non-planar repeat unit and ring bearing subslituents 
capable of inducing a twist between adjacent ring sysfems by steric Interaction. 



One class of repeat unit capable of produdng a twis 
comprising an optionally substituted repeat unit 



in the poiymer bacid^one is th^t 
of fomiula (iX): 



<iX) 

Wherein m is 1 or 2 and is a substltuent, prsferal|ily an optionally substftued alkyl» 
alkoxy. aryl, aryioxy, heteroaryl or helenaaryloxy £ 
group. 



T 
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The group induces a Mst by steilc tnteraction wftli the phenyl group of the repeat unit 
of formula (IX) adjacent to the phenyl group that is attached to. In thl^ case, preferred 
repeat unite indude repeat units of formulae (X) or (^): 



i3 



(X) 



Alternatively^ the group R^ nmy induce a twist by steric Interaction with a repeat unit 
adjacent to the repeat unit of formula (IX). In thl$ case, f$ attached to the carton 
atom adjacent to the carbon atom of the repeat unit tt at linked to said adjacent repeat 
unit. 

Polymers of the friventlon containing non-planar, conji gatrng repeat unit* of this type are 
suitable for use as hosts with wider bandgap emitters than corresponding poiymers with' 
pianap, oonjugated-re^eat-uniis; — r 

c\ ParHallv or fuiiv non-conluoated repeat units 

Particular examples of partlatly or fully non-KsonJugato I repeat unfts have tomiulae 7-10 
(dotted lines show bonds for linkage to further repeat l nits). Repeat units having an aryl 
group at either end are particularly advantageous beci luse they are readily formed from 
the appropriate monomers by Suzuki or Yamamoto polymerisation. 




(CH2)n- 



7 8 B 

These 'second repeat units are partteularly suitable fa: use with first repeat units (IVa) 
and (IVti) because of the high triplet energies of thost t units. Furthermore, urtits (IVa) 
and {IVt>) are capable of providing both hole acKl electrc n transporting functionality. 

Break In corrugation may also be provided by a siflcon atom located in the polymer 
backbone, for example -Si(Ak>2- where Ak Is an alkyi group. 
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Polymers of the invention oontalning repeat units oi 
vrfde bandgap materials. 

Examples 




this type are suitable for relatively 



1 



General procedure 



A green emitting complex 11 or ned-emltHng oomple;< 12 (as dladosed In WO 02/66552) 
and a host polymer were deposited by spin coating from xylene solution onto a glass 
substrate cgmprislng a layer of Indium tin p3dde, whfcl i may optionally be provided with a 
layer of hole Injection material such as PEDT/PSS. c r a hole transporting material. An 
electron transporting / hole blocking l^yer may optior ally also be provided between the 
electroluminescent layer and the cathode. A bilayer c athode of calcium / aluminium was 
deposited over the electroluminescent layer and the levlce was encapsulated using an 
airtight metal enclosure available firom Saes Getters S 3A. 



AkO B 2-ethylheptyloxy 
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'12 

Devfces were prepared using the fG)ll<wlrHj.hoste: 




HostC 
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nft= 1,2or3 



HostD 



Hosts A-D were used as hosts for red emitting complex 
and which have second repeat units giving 
conjugation, were used as the host for green-emitting 



Although the present invention has been describei; in tenns of jgp.eclfic jexemptary 



-J n 



12. however only the hosts C 
rdduced conjugation or brealcs in 
omplexH. 



embodiments, it wiD be appreciated that various rr odilicatiork;^, alterations and / or 
combinetlons of features disclosed herein vmII be ap parent to those skllied in the art 
^thout deparSng from tho spirit and scope of the invention as set forth In the following 
claims. 
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Claims 



1) An Qlectroluinjnescant cl^vice comprising; 



- a first oie<Arode for Jnlection of posiHve c laise cairiers; 

- a second eledmde for injadlpn of negawe charge carriers; and 

- an electrdumlnescent fayer locatad bstuveen the flr$t and second 

w 1 * 

electrodes comprising d host material snp a metal complex, 

wherein the host material comprises a polyjner having a ffrst repeat unit of 
tbnnula (1): 



I 

At 



2) 



3) 



(I) 



.1 



Wherein eadi At Is Ihe same or different snd Independently represents an; 
optionally substituted ary) or heteradryl and any two Ar groups may be directly^^ 
llnKed by a single bond. 

An electroluminescent device accortfing to da^ 1 wherein the polymer Is a co- 
polymer comprising a second repeat unit 

An elec^tumlnescent device according to cl4^m 2 wherein tfie second repeat 
unit IS at least parfiatty non-conjugated. 

fm 3 wherein the racond leprat 



4) An electroluminescent device according to 

unit is selected from repeat units of fomiulae <ii; and (III): 



01) 



(«l) 
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whorein and are fndependentty selecte i fiom hydrogen or a subetttuent; n 
is from 1-*10; and Ar^ and Ar^ are indepjendently sel»:ted from optionany 
substituted aryl or hetenoaryl. 



An electroluminascent device according to 
indapendentiy selected from hydrogen or 
Ai^ fs phenyl- 




daim 4 wherein each and R° is 
C4-1C alkyi; n Is 1 or 2; and each Ar^ and 



An electroluminescent device according to 
unit Is fully conjugated along its badcbone anc 
first repeat unit. 



calm 



An electroluminescent device according to d^im 6 wherein the second repeat 
unit ie selected from optionally substituted fluorene, splrofluorene. 
indenofluorene, phenylene and oligo-phenylen^. 



2 wherein the second repeat 
is conjugated directly to Ar> of the 



An electroluminescent device according tc> ^n> 
polymer fs an AB co-polymer. 



one of claims 2-7 wherein the cch 



An electrolumlnedoent device according to any preceding ctelm wherein none of 
the Ar groups of the first repeat unit are direcH}^ linl^d by a single bond. 



10) Ah ele^^iumlnescent device according to any 



one of daims 1-8 wherein the first 



repeat unit comprises an optionally substituted repe^ wit of formula (IV): 




wherein R is hydrogen or a substituent and one 
bond. 



of X and y is present as a single 
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11) 



12) 



13) 



14) 



15) 



Ifi) 



it • & 



An electrolumlnesoent device according to any preceding dalm herein the 
met^ complex fe chemically bound to the pc Jymer as a subsdtuent attached to 
the polymer main chain or Incorporated Info tfje polymer mafn chain. 

An electmlumlnBscsnt device according to clajm 1 1 wherein the metal complex Is 
provided as a repeat unit within the polymer. 



An electroluminescent device according to cla 
provided as an end-group of the polymer. 



An electrolum/nesoent device according to 
metal complex is electrophosphoreacenL 



m 12 wherein the metei comply Is 



any prsi^dlng dalm wherein the 



A composltlan comprising, a metal complex 
of claims 1-10. 



ar d a polymer as defined In any one 



An electncluminescent polymer comprising a 
metal complex bound to the polymer as a 
-main-chalnnorlncorporaisJ into^Bie]^^ 



In 



repeat unit of fomiufa (i) and a 
si|bsijtuent attached to the pdymar 
chafn: 



I 

Ar 

0) 



IT* 



wherein each Ar Is the same or different snd Independently represents an 
optionally substituted aryl or heteroaiyf and any two Ar groups may be directly 
linked by a single bond. ' 



17) An electroluminescent polymer according to cIs 
is bound directly to the repeat unit of fomiuJa (f) 



18) An electroluminescent polymer accoRlIng to 
fomnula (Xfl): 



Im 16 wherein the metal complex 



clg Im 17 comprising a repeat unit of 
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19) 



21) 



At 



(XII) 

wherein M is a metal; each of L^, and is $ coordinating group; q is an 
integer, r and s are each independently 0 or an integer; and llie sum of (a, q) + 
(b. r} (C.S) Is equal to the number of coortliii etion eites available on M, wtierein 
a is the numlser of coordination sites on L\ b 
on and c fa the number of coordination sites 




An electrolumme^x;ent polymer according to qafm 16 wherein the rnetal complex 
la phQS|»horescent, 



Is the numtier of coordination sites 
onL^ 



20) A monomer of foniiula (Xf li ); 



p V P 



(XHI) 

Wherein eadi Ar is the same or different and ind^endently represents an 
optionally substituted aryl or heteroaryl; any tyijo Ar groups may be directly llnKed 
by a single bond; M is a metal; each of L\ ind is a coordinating group; q Is 
an Integer, r and s are each Independently 0 or an integer; the sum of (a. q) + (b. 
r) + (as) is equal to the number of ooordinatlon sttes avaflable on M. wherein a la 
the number of coordlnatloil sites on L\ b is the number of coordination sites on 
and 0 Is the number of coondinalion sites |)n L^; and each P Is the same or 
different and Is a poiymerisable group* 



A monomer according tp daim 20 wherein eac 
boronic acid, boronlc estsr. borane or halogen. 



1 P is independently selected from 
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